Aimed at the problem of reliable power supply and power transmission of spacecraft applications, the microwave and laser fusion energy transfer mechanism based on QoS and QoE guarantee was first proposed in this paper. NS2 software was used to simulate the wireless energy transmission network and the QoS level was obtained through the second-level fuzzy evaluation. The QoE guarantee of the power threshold based on the second diffraction region was firstly introduced. At the same time, the Beer transmission and the Markov model were used to respectively transmit the laser in the adjacent space. The attenuation effects and turbulence effects were calculated and simulated. The results showed that in the adjacent space, when the transmission distance is greater than 30 meters and less than 100 meters, the efficiency of fusion system increases up to 10%, avoiding electromagnetic environmental pollution and energy loss caused by excessive energy transmission, and achieving efficient and green transmission of energy in the adjacent space.
INTRODUCTION
WPT (wireless power transfer), refers to the transmission of energy from the power to the load without direct contact with the appliance. At present, researches on "air and space" distributed wireless energy transmission networks has just started. Space wireless energy transmission technology mainly includes microwave mode and laser mode [1] . Microwave wireless transmission requires high-efficiency rectifying antennas and high-directional antennas when transmitting long distances, which is difficult to realize. The laser energy density is large and the directivity is strong. When the transmission distance is long, the beam side diffusion can be well controlled, but the laser has different attenuation in the atmosphere and the communication distance is limited [2] [3] [4] [5] . This paper innovatively proposes a microwave and laser fusion wireless energy transfer mechanism with site users' QoS (Quality of Service) and QoE (Quality of Experience) guarantee, and proposes the definition of the second diffraction zone power threshold to maximize the wireless energy transfer benefit.
QoS LEVEL EVALUATION MODEL OF MICROWAVE WIRELESS ENERGY NETWORK BASED ON TWO-LEVEL FUZZY EVALUATION
The QoS parameters of the wireless energy transmission network was divided into a four-tuple, that is, QoS={delay jitter, transmission delay, network bandwidth, energy transmission rate}. The QoS indicator comment set is shown in Table 1 below. As for the algorithm, we use the second-level evaluation method to make decisions on the QoS measurement parameters of the wireless energy transmission network. After obtaining the relevant parameters through network measurement, the evaluation model can be used to evaluate the comprehensive performance of the QoS parameters of the wireless energy transmission network. Firstly, the factor set M, the evaluation matrix P, the additive consistency transformation of the fuzzy consistency matrix are obtained, and the fuzzy uniform matrix Q is obtained. The normalized processing is used to process the fuzzy consistent matrix to obtain the index weights h1, h2, h3, h4. The + M  （ ，） model (improved weighted average model) is evaluated, and different CBR is obtained according to the factor weight set and the judgment matrix (d1, d2, d3, d4) corresponding to the second factor set and the principle of maximum membership degree. The level of QoS of the wireless energy transmission network in the case, as shown in Figure 1 : 
BASIC TRANSMISSION CHARACTERISTICS OF LASER IN ADJACENT SPACE

Attenuation effect
When the laser passes through the adjacent space, it interacts with gas molecules and aerosol particles in the atmosphere to generate atmospheric absorption and scattering effects, which constitute the attenuation effect of the adjacent space on the laser, and the attenuation of the laser transmission in the atmospheric medium, usually described by Beer's law:
In equation (1), I  is the light intensity reaching the target surface, 0 I  is the initial light intensity, ()  is the total atmospheric optical thickness;  is the zenith angle.
The attenuation of the laser in the adjacent space is mainly the absorption of the laser by the 3 O molecules, the scattering of the aerosol particles by the laser and the scattering of the high-altitude atmospheric molecules.
Turbulence effect
The parameter characterizing the turbulence intensity is the atmospheric refractive index structure constant 
In equation (2), the unit of height h is m, v is the wind speed, and the unit is m/s; As can be seen from figure 2, in the range from 20km to 100km in the adjacent space, the magnitude is 10-16, which belongs to the category of weak turbulence, and the influence on the laser more than 20km is basically negligible.
LASER AND MICROWAVE FUSION ENERGY TRANSFER MECHANISM BASED ON QoS AND QoE GUARANTEE
laser energy transfer efficiency
For optical systems, the transmitting antenna can be designed to be close to the diffraction limit, and the smallest received spot can be obtained as much as possible, but this will cause laser energy loss; in order to receive more laser energy, the larger the receiving antenna diameter, but the weight and cost of the system will increase. The efficiency analysis diagram of the laser wireless energy transmission system [6] is shown in Figure 3 below: In the laser energy transmission, the electro-optical-electrical transmission efficiency of the whole system mainly includes: laser electro-optical conversion efficiency 1  , antenna emission conversion efficiency 2  , laser transmission efficiency in space 3  , receiving optical antenna receiving conversion efficiency 4  , photoelectric converter photo-electricity Conversion efficiency 5  . Therefore, the transmission efficiency of the laser wireless energy transmission system is [7] :
Assuming that the laser is transmitted 100 meters in the adjacent space, the turbulence effect needs to be considered. The curve of the total efficiency with distance after simulation is shown in Figure 4 : 
microwave energy transfer efficiency
The total efficiency of microwave transmission is equal to the total product of the three parts of DC to microwave, microwave transmission and receiving and rectifying efficiency [8] :
In equation (4), A  is conversion efficiency from DC to microwave, B  is the microwave transmission efficiency and D  is the rectification efficiency.
After simulation, the efficiency of using microwave energy transfer in the adjacent space varies with the transmission distance as shown in Figure 5 : 
Wireless-energy fusion mechanism based on microwave and laser
QoE is the user's sensitivity parameter. The specific indicators in the wireless energy transmission system are as follows, the subject proposes the definition of the power threshold of the second diffraction region.
Minimum energy transfer m P : -10dBm; to meet the energy sensitivity requirements.
Beam lobe width: The main lobe of the pattern produced by beam forming, whose width affects electromagnetic wave propagation and path loss.
Energy fluctuations: Refers to the case where the energy rate changes with time. If the energy fluctuation is too large, it will affect the rectification effect.
Second diffraction zone power threshold th P : The power threshold of the second diffraction zone is introduced as a limit for measuring the maximum value of the energy transfer. Otherwise, the power transmission energy is too large, which may cause electromagnetic pollution, excessive interference to communication and 
According to equation (5) and (6), the calculation of the power of the second diffraction zone is: 
Where the power ratio of the main diffraction region to that of the second diffraction region is referred, W P is the transmission efficiency and P is the transmission power. The QoE reference can be set to th W PP  , th P =21dBm. Considering the definition of green energy transfer, when the transmission power of microwave is larger than that of the second diffraction region, the energy transmission is supplemented by laser transmission.
After simulation, the energy transfer efficiency of the system changes with distance as shown in Fig. 6 : From Fig.6 , the second diffraction region of the microwave energy transfer is about 30 meters, that is, the microwave energy transfer method is used in the range of 0 to 30 m, and the laser energy transmission is used more than 30 m. The method can ensure the maximum use of energy and the protection of the atmospheric environment. The efficiency of the microwave and laser fusion energy-transfer mode is improved for at least 10%.
CONCLUSION
By analyzing the advantages and disadvantages of microwave and laser energy transfer separately, this paper is proposed to establish the energy transfer efficiency equation through the complementary advantages, construct the fusion factor and design the fusion energy transfer scheme between laser and microwave. According to the actual energy supply-demand, the fusion factor is further regulated by QoS and QoE indicators to improve the energy transmission efficiency. Particularly, the second diffraction zone power threshold is proposed and introduced to limit the environmental interference and energy loss caused by excessive power, which realized green energy transmission. Via simulation, when the distance of transmitting energy is greater than 30m in the adjacent space, the laser and microwave fusion energy transfer scheme can improve the total efficiency of the system by about 10%, maximizing the energy utilization rate and meeting the standard of green energy transmission.
